We consider the possibility for a pairing in a two-dimensional (2D) repulsive Fermi liquid due to the singularity in the scattering amplitude I (q) at the momentum transfer q 2pF (Kohn-Luttinger efFect).
rise to an attraction in the scattering amplitude for large angular momentum and, hence, to a pairing instability at sumciently low T. In the 3D case, this effect was studied by Kohn and Luttinger back in 1965. They calculated the leading renormalization of the scattering amplitude in the particlehole channel (Fig. 1), i.e. , the screening of the interaction between quasiparticles at the Fermi surface by the fermionic background, and found the logarithmical singularity in I (q) near q =~k -p~= 2pF:
I (q) - [(2pF) transfer. The singularity in I (q) is similar to that for the dielectric constant in a metal.
In Fig. 2 ; each of these diagrams has the same schematic form as in Fig. 1 For the present purposes, the divergence of this term at t+~0 is not by itself crucial because the renormalized vertex should be substituted into the particle-hole channel and integrated over the intermediate momenta t+. However, the logarithm gives rise to the nonanalyticity in N+ such that the expansion of N+ over g holds in g /t+ and breaks down when t+, and hence the internal momentum in the particle-hole bubble, I, is of the order of e. As a result, upon substituting the logarithmical term into the particle-hole bubble and integrating over momentum, we obtain the contribution to I (q) -I (2p~), which Fig. 3 . From the earlier discussion we expect the most singular diagram to have vertex renormalization in the particle-particle channel as in Fig.   3 (a). In fact, for S = -, ' fermions, we again have four nonequivalent diagrams of this kind (Fig. 4) Fig. 1 . The singularity in I (q) at the momentum transfer q =~k -p~& 2p" is chiefiy due to the first diagram where the vertex renormalization is in the particle-particle channel. Onehalf of all diagrams is presented. The second half describes the renormalization of the lower vertex in Fig. 1. mions leads to the same result as for the second-order diagrams; namely, the contributions from the first three diagrams in Fig. 4 be multiplied by an extra factor of ( -1)'.
In evaluating the diagram of Fig. 3(a) , we first integrate P where A, + = -2 lnr p nt + /p -+A. i (7) Here, as before, t+=I+(k+p)/2. Also, 21 is the total momentum in the particle-hole bubble, and A, + is a contribution to the renormalized vertex which does not diverge when either p~~O or t+~0. A substitution of the regular part of N+ into the particle-hole channel does not give rise to a nonanalyticity in 1 (q), and we neglect X+g below.
The first term in Eq. (7) Fig. 3(a) .
where l, 2=l, 2/q =+cosP/2+ -, ')/e +cos P, and as be- gt= 2fol-l'.
The upper cutoff in the integral over z is not specified precisely, we only know that P = 0 ( 1/e). However, a simple inspection of (10) Fig. 3(b) should be less singular than the diagram of Fig. 3(a) . This is indeed what we obtained by carrying out the calculations explicitly. We found that the diagram in Fig. 3(b) has only a logarithmical singularity at e~O: Fig. 3(a) Fig. 3 . There are two other diagrams of the third order. The diagram of Fig. 3(c) is simply the next term in the RPA series for the polarization operator.
In the absence of a singular behavior of a pure particlehole bubble, it does not give rise to any singularity in I (q) for q &2pz. The diagram of Fig. 3(b) has the same structure as that of Fig. 3(a) , but the renormalization of 4+ is now in the particle-hole channel. The external momenta for 4+ are~t+~& 2pF and hence the renormalized vertex acquires some momentum dependence only due to a finite external frequency 0,+. In essence, the momentum-dependent term in the renormalized vertex in Fig. 3(b) has an extra factor of Q~/t+ compared to that in Eq. (7). Earlier we found that the singular contribution to 1 (q) is confined to the region where l =O(e) and cosP=O(e). has nearly zero total momentum (see text) and the dominant vertex renormalization is in the particle-particle channel. The spin indices are omitted for simplicity and can be restored in the same way as in Fig. 4. to @, comes from the particle-particle channel where the polarization operator has the logarithmical Cooperlike term -lnt+/pF. We emphasize that it also comes from the momentum integration right near the Fermi surface. Accordingly, we represent each of the vertices as a sum of ladder diagrams (Fig. 5) . The irreducible vertex in this series, W, , now includes all nonsingular con-0 + tributions from the particle-hole and particle-particle channels and is some unknown function of the momentum transfer q. To find N, , we expand N and N Fig. 5 (see Fig. 4 
III. CONCLUSION
In this paper, we discuss the possibility for a pairing in a repulsive 2D Fermi liquid due to the singularity in the scattering amplitude at the momentum transfer q~2pF (Kohn-Luttinger effect) . This effect was believed to be absent in two dimensions because the leading renormalization of the interaction potential in the dilute limit does not give rise to any singularity in the scattering amplitude for a momentum transfer at the Fermi surface (i.e. , for q &2pF). We have shown that the absence of the effect is an artifact of restricting with only the leading order in the perturbation expansion. We performed calculations beyond the leading order and found that the scattering amplitude I'(q) for the particles at the Fermi surface, in fact, has the square-root singularity for a momentum transfer less than 2p~. In the dilute limit, the BI=A (0)+2( -1) [A(0)A(2pF) -3 (2pF)] . (22) Note that BI looks much like its analog in the 3D case.
We see that for large I 
